This study is aimed at setting occupational exposure levels for total detergent dust and enzymes in detergent industries. The study population consisted of795 workers from four enzyme-containing detergent manufacturing plants (AI, A2, B1 and B2), and 156 control workers from an electronic assembly factory. Work environment monitoring was conducted using high volume of air sampler for measuring the concentration of total dust (mg/m"), and analyzing the level of enzyme (ng/m") by ELISA method. A standard questionnaires, pulmonary function test, and skin prick test are used to assess health effects. The levels of detergent total dust varied from 0.2 mg/mtto 12.54mg/m 3 • For enzyme levels, in AI, B1 and B2, the concentration ranged from non-detectable to 9.92ng 1m 3 and in A2, the concentration was analyzed by enzyme activity methods and was expressed as Gu/m 3(l Gu/m 3=16 ng/m"). The concentration is between 0.16-31.36ng/m 3 • Non-specific irritation rates in exposed workers were significant higher than that in controls. Based on the data collected from AI, B1 and control plants, 95% benchmark dose lower bound were calculated as 1.17 mg/rrr'. The difference of pulmonary function between exposed workers and controls is not significant. The results of SPT showed that neither Savinase-nor Alcalase-induced sensitization was found in controls. The prevalence rates of sensitization for Savinase and Alcalase were ranged between 3.2% and 31 % in all enzyme-containing detergent manufacturers investigated. No case of occupational asthma was observed. For total dust, 1 mg/rrr' is suggested as permissible concentration-time weighted average (PC-TWA), and 2 mg/m" as permissible concentration-short term exposure limit (PC-STEL). For the enzyme Subtilisins, 15 ng/m! is suggested as PC-TWA, and 30 ng/m" as PC-STEL.
Detergents have become a necessity of daily life. The production of detergent was rapidly developed in China in the past 20 years. Enzyme can improve the performance of detergents via their ability to hydrolyze proteins, so enzyme was used in the detergent industry from the early 1960s. By 1969, 80% of detergent contained enzymes. Currently, in China, about 2 million tons of detergents are produced yearly, and 40% of them contains enzyme. Inhalation of enzyme-containing detergent dust can give rise to respiratory allergy, hay fever-like symptoms and occupational asthma. Flindt and Pepys first reported occupational asthma due to the use of enzymes in the manufacture of detergents in 1969 (1-2). The allergic problem has been relatively controlled since the mid-1970s, due to development of encapsulated enzymes and improvements in industrial hygiene.
To protect manufacturing workers from over exposure to the hazards, the occupational exposure limits (GELs) for both detergent dust and enzyme have been set in some industrialized countries since the early 1970s. This paper intends to briefly describe the study used for establishing GELs for detergent dust and enzymes in China.
MATERIALS AND METHODS

Study population and plants investigated:
The air concentrations of total dust and enzyme in A 1, A2, B I and B2 plant were measured. A I and A2 denote foreign joint-ventures; B I and B2 denote state- 
Environment monitoring
The exposure assessment was conducted by air samples collecting for total dust and measurement of total enzymes protein analysis. Air samples were collected on Waterman filters (JOcm) using GMW high volume air sampler (25 m 3/h). The concentration of total dust (mg/m') was determined by weighing the difference of sampling filter after and before having sample collected, and the level of enzyme (ng/m') was analyzed by Enzyme-linked immunosorbent assay (ELISA). Proteins for which ELISA was performed are enzymes Savinase and Alcalase, which are provided by Novozymes (Shengyang) Biochemical Processing Co. Ltd, Beijing Office in an ELISA kit.
Health effect assessment:
The standardized questionnaire, pulmonary function test (PFT) and skin prick test (SPT) were used to assess the health effects of enzyme-containing detergent on workers Questionnaire:The employees were asked to answer a standardized questionnaire focusing on work and medical history, history of atopy, smoking habits and non-specific irritation on respiratory tract, eyes and skin. Pulmonary function test: Pulmonary function was tested using an Schiller SP-I 0 Spirometer. Each employee was tested at least three times and the best result was regarded as the outcome of pulmonary function test. FVC, FEVI.O, FEVI.O/FVC, MMEF, PEF, FEF25%, FEF50% and FEF75% were selected as the test parameters. Skin prick test: A skin prick test ( SPT ) was used to detect sensitization of employees. Savinase and Alcalase, each at a concentration of 50 ug/ml in a glycerine and saline solution were used for testing. 50% glycerinated saline was used for the negative control solution, and histamine sulfate I: 1000 as the positive control solution. Savinase and Alcalase were the two known enzymes used in the detergent production in the plants in this study.
RESULTS
Air concentration of total dust and enzyme
The air concentration samples in Al and A2 plants are provided. The internal GELs are 15 ng/ m3 for enzyme and 1mg/rn! for total dust in A I plant, and Sng/rn" for enzyme and 0.5 mg/rrr' for total dust in A2 plant. In A I plant, the averages are 0.19°:±:0.13 mg/rrr' for total dust and 0.46°:±:0.83 ng/m' for enzymes at the packing worksite, and 0.28°:±:0.29mg/m 3for total dust and 0.99°:±: 1.33 ng/m' for enzyme at dosing worksites. Almost all samples met the GELs, with only 0.2% (511913) and 0.3% (311503) exceeding the GELs for total dust and enzymes, respectively. In A2 plant, most of the samples met the internal GELs, with rare exception occurring because of unusual situations.
In the other two plants, air concentrations for total dust and enzyme in manual packing worksites are higher than those in automatic ones. The highest value, 12.54mg/m 3 for total dust and 9.92 ng/rn'' for enzyme, was measured in dosing worksites.
Results are summarized in tab. 1.
Health effects. Results of questionnaire investigation
The irritation symptoms were more prevalent in the exposed group than those in controls (tab. II). Rates of nose and throat irritation, and sneezing are significant higher in the exposed group than in controls. In exposed groups, most employees' symptoms were observed, but there were no such changes seen in controls. All these suggest that employees exposed to those representative levels of total dust could result in non-specific irritation symptoms.
Based on the data collected from A I, B I and control plants, employees were divided into four subgroups who were exposed to total dust at levels about 0, 0.2, 1.0 and 3.0 mg/m' with resulting irritation rates between 8.5 and 54.5% (tab. III).
Benchmark dose (BMD) and 95%BMD lower bound (BMDL) were calculated using Benchmark Dose Software (BMDS) version 1. Tab. II. Comparison ofirritation rates in exposed and control groups. 
Results of pulmonary function tests
Pulmonary function can be affected by gender, age and height. In order to control these confounding factors, analysis of covariance was used to analyze the data, which is divided into male and female groups. The results showed that the parameters of pulmonary function in exposed group were not significantly different from the control group for both male and female employees.
Results of 8PT
The results are summarized in tab.V. Neither Savinase nor Alcalase induced sensitization in 156 control employees. Prevalence rates of sensitization varied greatly due to different exposure levels and employment duration. A 1 plant has provided better management and exposure control equipment, so the prevalence rate is the lowest of 3.2% (4/124) and the incidence of sensitization during the study period from 2000-2001 is only 0.4%. Though A2 plant also has good management and equipment, with higher exposure before the joint-venture was started, 55 (15.2%) and 27 (7.5%) employees were sensitized to Savinase and Alcalase, respectively. Of 108 employees in B 1 plant, who are contract workers with short employment duration, four were sensitized to both Savinase and Alcalase. Due to higher exposure in the B2 plant previously when powdered enzyme were used, 11 ( to Savinase and Alcalase. Data of SPT collected from A2 and B2 plant were further analyzed. The result showed that the difference of irritation rates and the overall parameters of pulmonary function test between sensitized and non-sensitized employees were not significant, suggesting that current exposure levels in the A2 and B2 plants are unlikely to induce symptomatic allergic effects, leading to a more severe sensitized response, significant pulmonary function impairment, and occupational asthma.
DISCUSSION
The prevalence rates of sensitization for Savinase and Alcalase ranged between 3.2% and 31 % in all enzyme-containing detergent manufacturers investigated.
No severe allergic response and asthma cases were reported. Referring to experiments and documents abroad, considering the critical situation in some local Chinese manufacturers, where powdered enzymes are used, 30ng/m 3 is also suggested as PC-STEL and 15 ng/m' was served as PC-TWA. To meet the OELs, preventive measures are essential to include automatic packing machines as a replacement for manual packing and encapsulated enzymes in lieu ofpowdered enzymes. At the same time, industrial hygiene practices should be improved in the detergent industry to ensure the compliance with the OELs.
The GPIT and MINT, are now used to develop exposure guidelines for new enzymes before their introduction into detergent through a comparative assessment of allergenic potency to existing enzymes. Alcalase (Subtilisins) is considered as the reference or benchmark enzyme in accordance with the established TL V for this enzyme by ACGIH. The allergenic potency of new enzymes is compared to Alcalase on a protein weight basis. By comparing the antibody response to a new enzyme to the antibody response to Alcalase, a new enzyme was judged as more, less or equipotent to Alcalase. More potent enzymes have OEL adjusted downward from the Alcalase OEL. Less potent or equipotent have OEL maintained the same as Alcalase OEL. GPIT and MINT testing showed that enzyme potency is ranked as: Amylase > Alcalase = Savinase > Subtilisin B. Therefore, the OELs are ranked as Amylase-cAlcalase = Savinase =Subtilisin B. A prospective evaluation of sensitizations among exposed employees to several new enzymes confirms these predictions [13, 14 1. For this reason, the ranges for internally derived OEGs (8-hours TWA) used by some of major detergent manufacturers in Europe are 8-20 ng/m' (proteases), 5-20 ng/rn ' (Iipases), 5-15 (amylase) and 8-20 ng/rrr' (cellulases). With the introduction of new enzyme classes for detergent products in the early 1990s, occupational exposures were changed from predominantly single enzyme exposures to multiple enzyme exposures. Data from Guinea pig tests showed that active protease enzymes have adjuvant properties and enhanced the allergic antibody response to other enzymes, which may be caused by protease-induced changes in mucosa permeability (15) . The adjuvant effect of protease enzyme must be taken into account when introducing more than one enzyme into the detergent.
In conclusion total dust, 1 mg/m' is suggested as a permissible concentration-time weighted average (PC-TW A) and 2 rng/m' as a permissible concentration-short term exposure limit (PC-STEL). For the enzyme Subtilisins, 15 ng/rrr' is suggested as a PC-TWA and 30 ng/m' as PC-STEL. To meet the suggested OELs, automatic packing should replace manual packing, and encapsulated enzymes should replace powdered enzymes as strategies to further improve industrial hygiene practice in the detergent industry in China.
